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ABSTRACT
In order to search for shocks in the very early stage of star formation, we performed
single-point surveys of SiO J=1-0, 2-1 and 3-2 lines and the H2CO 212−111 line toward
a sample of 100 high-mass starless clump candidates (SCCs) by using the Korean
VLBI Network (KVN) 21-m radio telescopes. The detection rates of the SiO J=1-0,
2-1, 3-2 lines and the H2CO line are 31.0%, 31.0%, 19.5% and 93.0%, respectively.
Shocks seem to be common in this stage of massive star formation. The widths of the
observed SiO lines (full width at zero power (FWZP)) range from 3.4 to 55.1 km s−1. A
significant fraction (∼ 29%) of the detected SiO spectra have broad line widths (FWZP
> 20 km s−1), which are very likely associated with fast shocks driven by protostellar
outflows. This result suggests that about one third of the SiO-detected SCCs are not
really starless but protostellar. On the other hand, about 40% of the detected SiO
spectra show narrow line widths (FWZP<10 km s−1) probably associated with low-
velocity shocks which are not necessarily protostellar in origin. The estimated SiO
column densities are mostly 0.31 − 4.32 × 1012 cm−2. Comparing the SiO column
densities derived from SiO J=1-0 and 2-1 lines, we suggest that the SiO molecules in
the SCCs may be in the non-LTE condition. The SiO abundances to H2 are usually
0.20− 10.92× 10−10.
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1 INTRODUCTION
Massive starless clumps represent the environments that
are in the very early stage of star formation, and are
suggested as the first phase of high-mass star forma-
tion (Motte et al. 2018). They have not been significantly
disrupted by feedback from protostars (Matzner 2017;
Calahan et al. 2018), and are ideal locations to improve
our understanding of massive star and cluster formation
(Svoboda et al. 2019). Blind surveys of dust continuum
emission at (sub)millimeter wavelengths can be used to de-
tect star-forming regions in different evolutionary stages
(Traficante et al. 2015; Csengeri et al. 2016; Svoboda et al.
2016; Urquhart et al. 2018). And a sample of massive clumps
have been identified as Starless Clump Candidates (SCCs)
in the 1.1 mm continuum Bolocam Galactic Plane Survey
(Svoboda et al. 2016). Although there could be undetected
low-mass protostars in these regions since only protostars
with bolometric luminosities higher than the 30 − 140L⊙
⋆ E-mail: zhufy@shao.ac.cn
sensitivity of far-infrared Galactic plane surveys are able
to be detected, high-mass protostars are unlikely to exist
(Svoboda et al. 2016; Calahan et al. 2018). So SCCs can
still be representatives of the early stage of star formation
since weak feedbacks from low-mass protostars can not seri-
ously disturb the early star-forming environment. The study
of these SCCs can give us a better understanding of the
early evolution of star formation. Abundant in star-forming
regions, shocks can significantly influence the environments
and provide some information of ongoing star formation ac-
tivities. Surveys of molecular shock tracers toward these
SCCs can help us to determine whether the shocks are com-
mon in these environments, and to study the properties of
the shocked materials in the early evolutionary stage of star
formation.
SiO lines are often used as a probe of shocks in
star-forming regions with a wide range of evolution-
ary stages (Jime´nez-Serra et al. 2010; Duarte-Cabral et al.
2014; Csengeri et al. 2016; Cosentino et al. 2018). SiO is be-
lieved to form via sputtering and vaporisation of Si atoms
from grains due to shock activities (Gusdorf et al. 2008),
© 2020 The Authors
2 F.-Y. Zhu et al.
and its abundance can be enhanced by fast shocks up to six
orders of magnitude higher than those of quiescent regions.
This makes SiO emission unlikely being contaminated by
the line emission from ambient interstellar medium (Li et al.
2019). SiO rotational lines have been observed in various
conditions such as high-velocity shocks (vs > 20 km s
−1)
caused by powerful outflows from massive protostars and
low-velocity shocks (vs < 10 km s
−1) (Nguyen Luong et al.
2013; Duarte-Cabral et al. 2014; Csengeri et al. 2016). Some
previous studies reported the observed SiO emission con-
tains both broad and narrow Gaussian components at ap-
proximately the same central velocity (Nguyen Luong et al.
2011, 2013; Sanhueza et al. 2013). The broad Gaussian com-
ponents are commonly attributed to the high-velocity shocks
produced by protostellar outflows, while the narrow ones are
linked to the low-velocity shocks due to either cloud-cloud
collisions or less powerful outflows from low-mass protostars.
The SiO survey toward massive clumps by
Csengeri et al. (2016) includes the observations of starless
clumps selected from the APEX Telescope Large Area
Survey of the Galaxy (ATLASGAL), and a high detection
rate of ∼ 61% for SiO (2-1) toward starless clumps is
resulted. Li et al. (2019) also observed the SiO (5-4) line
toward 201 massive clumps, and find a 57% detection
rate for the massive clumps in IRDCs. The high detection
rates in Csengeri et al. (2016) and Li et al. (2019) seem
to suggest that shocks are ubiquitous in the earliest stage
of star formation. Moreover, In these samples, more than
25% of starless clumps identified by infrared colour criteria
are found associated with broad SiO line profiles due to
outflows of deeply embedded high-mass protostars, and
other starless clumps with narrow SiO components could
also contain protostellar objects. This suggests that a large
fraction of these starless clump candidates are not actually
starless, and the SiO lines are very useful to distinguish
protostar-embedded clumps and starless clumps. Recently,
Svoboda et al. (2019) observed 12 of the most massive
SCCs in CO 2-1 and SiO 5-4 lines. Most of these SCCs show
bipolar molecular outflows indicating star formation. This
also suggests that previous infrared surveys are incomplete
to detect embedded protostars with low luminosities. More
works are still needed to identify reliable samples of starless
sources, and to investigate the ubiquity and characteristics
of shocks in the previously identified starless clumps.
Besides the information of shocks, the properties of
the molecular gas in starless massive clumps can also al-
low us to understand the early environment of star forma-
tion. Formaldehyde, H2CO, is one of the molecules detected
in massive star-forming regions and is widely used to es-
timate the gas temperature and density (van der Tak et al.
2000; Tang et al. 2017). It is also used as a diagnostic tool to
study the star formation in nearby galaxies (Nishimura et al.
2019). The abundance of H2CO is about 10
−9 to 10−10 in
the massive star-forming regions (Vichietti et al. 2016).
In the current work, we report surveys of the SiO 1-
0, 2-1, 3-2 lines and the H2CO 212 − 111 line toward 100
SCCs with Korean VLBI Network (KVN) 21m telescopes.
By using these molecular lines, the ubiquity of shocks and
the levels of star formation activities in these SCCs are in-
vestigated. The presence of high-velocity and/or low-velocity
shocks is also revealed, and then the targets with fast shocks
due to outflows from protostars can be distinguished from
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Figure 1. The distance distribution of the sample. The vertical
dashed line represents the average distance.
the real starless sources. The organization of the present pa-
per is as follows. In Section 2 we describe the observations
and the selected sample. The detailed results of the obser-
vations are presented in Section 3. The discussions and the
analysis about these results are showed in Section 4. In Sec-
tion 5, the summary is presented.
2 OBSERVATIONS
2.1 Sample
The sample in this study consists of 100 SCCs, which have
been observed by Calahan et al. (2018) to search for in-
fall signatures. These targets were bindly selected from the
SCC catalog of Svoboda et al. (2016) with NH3(1,1) detec-
tions. The distances of these sources range from 1.18 to 11.8
kpc, and the average and median distances are 4.32 kpc and
4.19 kpc, respectively (Ellsworth-Bowers et al. 2015). The
distance distribution of the sample is presented in Figure 1.
About 70% of the sources have distances between 3 and 6
kpc. According to the comparison of the mass and mass sur-
face density between the selected sample and the complete
sample of SCCs described in Calahan et al. (2018), the se-
lected sample is representative of the mass range of the com-
plete sample. But the mass surface densities in the selected
sample are on average higher by a factor of ∼ 2. The vLSR
measured from NH3 observations provided in Svoboda et al.
(2016) is regarded as the systemic velocity of each source,
and used for the current observations.
2.2 Observations and Data reduction
We conducted single-point molecular line observations us-
ing all three (Yonsei, Ulsan and Tamma) KVN 21-m tele-
scopes from March to June 2019 (Kim et al. 2011). All of
the 100 sources were observed in the SiO 1-0, 2-1 and H2CO
212 − 111 transitions at 43.42376 GHz, 86.84696 GHz and
140.83950 GHz, respectively. And among the sample, 41 tar-
gets were also observed in the SiO 3-2 transition at 130.26861
GHz. The backend was a digital spectrometer that pro-
vided 64 MHz bandwidth with 4096 channels and 15.63 kHz
frequency channel spacing. The position switching observa-
tional mode was used with the reference position of 0.2 de-
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gree offset from the source in azimuth. The total (ON+OFF)
integration times are typically about 1 hour for the SiO 1-0
and 2-1 lines. However, we increased the integration time for
some marginally detected source to confirm the detection.
For the SiO 3-2 line and the H2CO line, the observation
times were commonly about 30 minutes. The system tem-
peratures range from 80 to 400 K at different frequencies.
The FWHM beam sizes of the telescopes are about 63′′, 34′′,
23′′ and 21′′ for SiO 1-0, 2-1, 3-2 lines and H2CO 212 − 111
line, respectively. The main beam sizes at the average dis-
tance of 4.32 kpc for the four lines are 1.33 pc, 0.72 pc, 0.48
pc and 0.44 pc, and the main beam efficiencies are about
47%, 43%, 35% and 30%, respectively.
Table A1 presents the details of the observations toward
individual sources including the rms noise levels and used
telescopes. Each source was observed individually with only
one telescope except for BGPS 2762, 2931 and 4402. They
were observed simultaneously with two telescopes. Accord-
ing to the approximately consistent instrumental parameters
of the three KVN 21-m telescopes, the spectra obtained from
them are comparable. This was also confirmed by our obser-
vations toward W51 E1E2 in the SiO and H2CO lines. Since
the properties of the shocked gas in the SCCs are our main
research goals, the SiO lines are more important in the cur-
rent work. In addition, the SiO 2-1 line should provide more
representative information than the other SiO lines because
it has been observed in more sources than the SiO 3-2 line
and its filling factor may be higher than that of the SiO 1-0
line.
The observations were reduced with CLASS reduction
package (Guilloteau & Lucas 1988). A linear baseline was
removed from each spectrum. The typical rms noise levels
of the main-beam brightness temperature scale are about
20 mK for the SiO lines and 40 mK for the H2CO line at
the velocity resolution of about 1 km s−1. However, the lev-
els are significantly lower or higher than the typical ones
for some sources because of different integration times or
weather conditions. The effect of the variable observing con-
ditions on the detection rates of the SiO lines is discussed
in Appendix A. The histograms of the noise levels and the
SiO spectra for individual sources are presented in Figure
A1 and A2, respectively. By comparing the noise levels be-
tween the sources with and without the SiO detections, we
find that the SiO detection rates are meaningful.
3 RESULTS
The properties of global dense gas and shocked gas in the
SCCs are investigated from the observations. The H2CO line
is used to determine the properties of the dense molecular
gas in the SCCs, and the SiO lines can help us to study the
physical conditions of the shocked gas.
3.1 Detection rates
The H2CO 212 − 111 line was detected in 93 targets (93%)
with a velocity-integrated intensity (
∫
Tmbdv) higher than
3 σarea, where σarea =
√
N∆vσ represents the rms noise
level of the velocity-integrated intensity. N is the number of
channels in the velocity range of the line, ∆v means velocity
resolution, and σ is rms noise level of a channel. The derived
properties of the H2CO line and the J2000 equatorial of the
SCCs are listed in Table 1. In most targets, the line pro-
files are Gaussian. The line profiles of 10 sources show two
velocity components. Four of them have two emission com-
ponents probably due to the line-of-sight effect since the two
emission components are resolved. The other 6 sources have
an absorption component as well as an emission component.
These spectra should be due to H2CO emission at the refer-
ence positions. Since these spectra contain false absorption
components, they are not included in the calculations of the
average spectra presented in Section 3.2. In addition, only
the emission components are used to estimate the luminosi-
ties, the column densities and the abundances.
The SiO line profiles are mainly non-Gaussian so that
the full width at zero power (FWZP) is used. The FWZP is
visually determined as the velocity range where the emission
is higher than rms noise level 1 σ. The numbers of the detec-
tions in the SiO lines are shown in Table 3. The SiO 1-0, 2-1
and 3-2 lines were clearly detected in 31, 31 and 8 sources,
respectively. In addition, the numbers of the overlapping de-
tections between the SiO lines are also written in Table 3.
There were 28 sources in which both the SiO 1-0 and 2-1
lines were detected. And in 8 of them, all the three SiO lines
were found. BGPS 2945, 3656 and 4230 were detected only
in SiO 1-0 emission. This could be caused by different beam
sizes for the SiO 1-0 and 2-1 lines. The region where the SiO
lines are emitted may be not very close to the center of beam
and covered only by the observation at 43.4 GHz. On the
other hand, BGPS 3247, 4297 and 4375 were detected only
in SiO 2-1 emission. This could be because the SiO emission
region is compact. For compact emission, the different beam
sizes for the two SiO lines would favour the detection of the
SiO 2-1 line because the greater beam dilution effect at 43.4
GHz would potentially reduce the observed SiO 1-0 emission
below the instrumental sensitivity limit. The detection rates
of the SiO 1-0 and 2-1 lines are both 31%. This indicates
that shocks are common in SCCs. The star formation activ-
ities seem to be abundant even at the very early evolutionary
age if the shocks are attributed to outflows from protostellar
structures. The large distance range from 1.18-11.8 kpc may
lead to a bias in the detection rates. This was checked by
using Spearman test relation between detection rates of the
SiO 1-0 and 2-1 lines and the distances of the sources. The
sources are divided into several groups according to their
distances, and the correlations between detection rate and
distance are tested. But the p-values for the SiO 1-0 and
2-1 lines are 38% and 73%, respectively. This result suggests
that the correlations are not significant.
3.2 Line Width
The FWZPs of the detected SiO 1-0 and 2-1 lines are listed
in Table 4. Following Beuther & Sridharan (2007), the SiO
spectra are divided into 3 groups as low velocity (FWZP
<10 km s−1), intermediate velocity (10 km s−1 6 FWZP
<20 km s−1) and high velocity (FWZP >20 km s−1). For the
SiO 1-0 line, there are 13 sources in the low-velocity group,
11 sources in the intermediate-velocity group and 7 sources
in the high-velocity group. For the SiO 2-1 line, the corre-
sponding numbers are 14, 12 and 5, respectively. The mean
FWZPs are 14.88 km s−1 and 11.59 km s−1 for the SiO
1-0 and 2-1 lines, and the median values are 11.75 km s−1
MNRAS 000, 1–12 (2020)
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Table 1. The properties of the H2CO 212 − 111 line. Vlsr(NH3) and Vlsr(H2CO) are line central velocities. The
∫
Tmbdv is velocity-
integrated intensity. Tmb is the line peak at main beam temperature. FWHM is full width at half maximum. LH2CO is luminosity.
N(H2CO) and X(H2CO) are column density and abundance, respectively.
Name RA Dec
Vlsr(NH3)/Vlsr(H2CO)
∫
Tmbdv Tmb FWHM LH2CO
N(H2CO) X(H2CO)
[km s−1] [K km s−1] [K] [km s−1] [10−7 L⊙ ] [cm
−2]
BGPS 2427 18:09:33.88 -20:47:00.76 30.66 ± 0.65/... ... ... ... ... ... ...
BGPS 2430 18:08:49.41 -20:40:23.82 21.27 ± 1.19/... ... ... ... ... ... ...
BGPS 2432 18:09:44.59 -20:47:10.21 31.08 ± 0.71/... ... ... ... ... ... ...
BGPS 2437 18:10:19.41 -20:50:27.45 −1.87 ± 0.56/27.61 ± 0.46 1.066 ± 0.195 0.23 3.47 ± 0.82 145.48 5.01 × 1012 8.76 × 10−10
BGPS 2533 18:10:30.29 -20:14:44.20 31.84 ± 0.41/... ... ... ... ... ... ...
BGPS 2564 18:10:06.08 -18:46:05.64 29.57 ± 0.27/29.21 ± 0.05 0.480 ± 0.045 0.35 0.98 ± 0.12 30.23 1.94 × 1012 6.67 × 10−10
BGPS 2693 18:11:13.56 -17:44:54.85 19.13 ± 0.21/19.08 ± 0.06 1.379 ± 0.133 0.86 1.17 ± 0.15 42.40 5.65 × 1012 1.45 × 10−9
BGPS 2710 18:13:49.04 -17:59:33.25 34.59 ± 0.42/
34.40 ± 0.11 3.219 ± 0.608 1.13 2.74 ± 0.39
32.10 1.38 × 1013 1.74 × 10−935.21 ± 0.36 −3.853 ± 0.240 −0.80 5.25 ± 0.60
BGPS 2724 18:14:13.61 -17:59:52.02 36.25 ± 1.43/35.68 ± 0.14 4.404 ± 0.303 0.80 4.03 ± 0.31 42.83 2.24 × 1013 8.09 × 10−9
BGPS 2732 18:14:26.85 -17:58:50.93 37.47 ± 0.85/36.23 ± 0.14 1.560 ± 0.100 0.29 4.14 ± 0.39 15.33 9.70 × 1012 8.51 × 10−9
BGPS 2742 18:14:29.10 -17:57:21.83 36.01 ± 1.16/40.08 ± 1.01 3.833 ± 0.543 0.20 13.92 ± 2.00 37.16 2.08 × 1013 1.27 × 10−8
BGPS 2762 18:11:39.52 -17:32:09.40 17.85 ± 0.69/18.37 ± 0.05 3.494 ± 0.188 1.31 2.10 ± 0.15 264.11 1.86 × 1013 3.79 × 10−9
BGPS 2931 18:17:27.51 -17:06:08.42 22.77 ± 0.26/22.97 ± 0.08 3.005 ± 0.231 0.86 2.44 ± 0.22 224.55 1.21 × 1013 3.33 × 10−9
BGPS 2940 18:17:17.15 -17:01:07.47 20.04 ± 0.92/19.85 ± 0.02 10.088 ± 0.100 2.21 3.71 ± 0.04 791.58 4.81 × 1013 5.83 × 10−9
BGPS 2945 18:17:27.35 -17:00:23.66 22.68 ± 0.25/22.68 ± 0.04 1.939 ± 0.096 0.90 1.68 ± 0.13 18.64 7.81 × 1012 1.30 × 10−9
BGPS 2949 18:17:33.74 -16:59:34.94 22.52 ± 0.33/21.64 ± 0.06 2.504 ± 0.108 0.61 3.21 ± 0.12 28.36 1.01 × 1013 2.21 × 10−9
BGPS 2970 18:17:05.08 -16:43:28.66 40.01 ± 0.62/40.23 ± 0.07 1.820 ± 0.115 0.58 2.43 ± 0.20 160.41 7.69 × 1012 7.69 × 10−10
BGPS 2971 18:16:48.12 -16:41:08.91 36.55 ± 0.47/39.22 ± 0.31 3.333 ± 0.294 0.39 6.05 ± 0.65 76.05 1.49 × 1013 5.48 × 10−9
BGPS 2976 18:17:07.84 -16:41:14.59 39.63 ± 0.37/39.63 ± 0.07 1.623 ± 0.091 0.45 2.45 ± 0.17 37.64 6.89 × 1012 1.59 × 10−9
BGPS 2984 18:18:18.23 -16:44:52.26 18.42 ± 0.22/19.28 ± 0.13 0.256 ± 0.050 0.19 0.99 ± 0.26 6.11 1.03 × 1012 2.10 × 10−10
BGPS 2986 18:18:29.68 -16:44:50.69 19.97 ± 0.31/20.28 ± 0.05 3.386 ± 0.170 1.38 1.75 ± 0.15 95.16 1.36 × 1013 9.38 × 10−10
BGPS 3018 18:19:13.88 -16:35:16.47 18.96 ± 0.47/18.93 ± 0.04 1.904 ± 0.075 0.78 1.80 ± 0.10 560.64 8.01 × 1012 1.21 × 10−9
BGPS 3030 18:19:19.68 -16:31:39.82 19.01 ± 0.28/19.10 ± 0.02 2.330 ± 0.079 0.96 1.73 ± 0.07 51.35 1.09 × 1013 1.62 × 10−9
BGPS 3110 18:20:16.27 -16:08:51.13 17.69 ± 0.91/17.32 ± 0.03 19.574 ± 0.331 3.85 3.70 ± 0.07 545.00 1.16 × 1014 6.74 × 10−9
BGPS 3114 18:20:31.50 -16:08:37.80 .../22.87 ± 0.02 7.185 ± 0.079 1.58 3.36 ± 0.04 169.96 2.99 × 1013 5.08 × 10−10
BGPS 3117 18:20:06.68 -16:04:45.75 18.57 ± 0.74/18.67 ± 0.03 3.928 ± 0.108 1.25 2.29 ± 0.07 108.93 2.91 × 1013 5.18 × 10−9
BGPS 3118 18:20:16.17 -16:05:50.72 17.21 ± 0.76/16.88 ± 0.02 11.025 ± 0.160 3.20 2.71 ± 0.05 305.75 6.26 × 1013 6.69 × 10−9
BGPS 3125 18:20:06.11 -16:01:58.02 21.53 ± 0.34/21.39 ± 0.03 4.508 ± 0.123 1.51 2.36 ± 0.10 375.06 2.39 × 1013 4.59 × 10−9
BGPS 3128 18:20:35.27 -16:04:53.81 19.75 ± 0.76/18.36 ± 0.06 9.840 ± 0.429 2.54 3.08 ± 0.15 1185.1 5.20 × 1013 5.92 × 10−9
BGPS 3129 18:20:12.99 -16:00:24.13 19.72 ± 0.49/19.41 ± 0.04 3.084 ± 0.149 1.13 1.99 ± 0.13 392.96 1.48 × 1013 4.81 × 10−9
BGPS 3134 18:19:52.72 -15:56:01.56 20.47 ± 0.59/20.95 ± 0.01 3.970 ± 0.050 1.70 1.70 ± 0.02 458.40 1.79 × 1013 1.11 × 10−9
BGPS 3139 18:20.34.24 -15:58.14.00 21.80 ± 0.37/20.12 ± 0.01 6.884 ± 0.041 2.31 2.17 ± 0.02 1394.5 3.23 × 1013 4.17 × 10−9
BGPS 3151 18:20:23.19 -15:39:31.96 39.40 ± 0.37/
15.50 ± 0.04 0.646 ± 0.038 0.35 1.38 ± 0.09
102.43 7.94 × 1012 7.63 × 10−1039.82 ± 0.05 1.295 ± 0.050 0.39 2.49 ± 0.12
BGPS 3220 18:24:57.03 -13:20:32.39 46.13 ± 1.76/46.79 ± 0.05 6.001 ± 0.184 1.09 4.33 ± 0.14 623.76 2.93 × 1013 2.99 × 10−9
BGPS 3243 18:25:32.74 -13:01:31.05 68.47 ± 0.31/
50.61 ± 0.13 −1.196 ± 0.124 −0.35 2.52 ± 0.29
194.50 5.36 × 1012 5.84 × 10−1068.23 ± 0.20 1.329 ± 0.199 0.33 3.09 ± 0.77
BGPS 3247 18:25:14.45 -12:54:16.74 45.17 ± 0.35/45.00 ± 0.06 1.759 ± 0.120 0.68 1.88 ± 0.16 240.85 7.31 × 1012 1.75 × 10−9
BGPS 3276 18:26:24.92 -12:49:30.07 67.38 ± 0.71/67.00 ± 0.15 1.134 ± 0.124 0.26 2.77 ± 0.32 89.60 5.31 × 1012 1.57 × 10−9
BGPS 3300 18:26:28.42 -12:37:03.98 64.15 ± 1.04/64.17 ± 0.19 1.701 ± 0.170 0.33 3.71 ± 0.38 1604.0 7.56 × 1012 3.44 × 10−9
BGPS 3302 18:27:15.23 -12:42:56.45 66.37 ± 0.75/66.57 ± 0.09 4.470 ± 0.158 0.64 5.10 ± 0.20 4300.4 2.19 × 1013 2.73 × 10−9
BGPS 3306 18:23:34.02 -12:13:52.79 57.11 ± 0.36/57.16 ± 0.07 0.965 ± 0.091 0.48 1.46 ± 0.18 152.64 3.93 × 1012 1.13 × 10−9
BGPS 3312 18:25:44.52 -12:28:34.11 47.30 ± 0.30/47.10 ± 0.08 0.883 ± 0.084 0.39 1.90 ± 0.22 169.91 4.23 × 1012 2.15 × 10−9
BGPS 3315 18:25:33.24 -12:26:50.63 44.31 ± 0.68/47.29 ± 0.10 2.761 ± 0.178 0.64 3.16 ± 0.25 439.44 1.38 × 1013 1.70 × 10−9
BGPS 3344 18:26:40.00 -12:25:15.81 65.69 ± 0.36/
47.09 ± 0.17 −1.243 ± 0.211 −0.39 2.35 ± 0.53
180.24 6.35 × 1012 1.28 × 10−965.53 ± 0.34 1.399 ± 0.249 0.26 3.86 ± 0.89
BGPS 3442 18:28:13.51 -11:40:44.94 65.75 ± 0.46/66.88 ± 0.32 1.319 ± 0.153 0.19 5.06 ± 0.77 108.16 5.43 × 1012 1.05 × 10−9
BGPS 3444 18:28:27.26 -11:41:33.99 69.69 ± 0.44/... ... ... ... ... ... ...
BGPS 3475 18:28:28.28 -11:06:44.16 75.86 ± 1.18/77.19 ± 0.30 0.828 ± 0.145 0.18 3.41 ± 0.63 67.25 3.93 × 1012 1.37 × 10−10
BGPS 3484 18:29:15.74 -10:58:28.73 56.35 ± 0.89/56.03 ± 0.33 1.408 ± 0.236 0.23 4.44 ± 0.86 118.30 6.85 × 1012 3.89 × 10−9
BGPS 3487 18:29:22.77 -10:58:01.69 54.60 ± 1.22/55.70 ± 0.13 2.214 ± 0.141 0.39 4.24 ± 0.30 186.71 1.48 × 1013 7.67 × 10−9
BGPS 3534 18:30:33.45 -10:24:19.00 65.06 ± 0.99/... ... ... ... ... ... ...
BGPS 3604 18:30:43.92 -9:34:42.15 51.52 ± 0.44/51.32 ± 0.06 2.396 ± 0.134 0.78 2.45 ± 0.17 2011.5 9.69 × 1012 1.73 × 10−9
BGPS 3606 18:29:41.95 -9:24:49.10 49.56 ± 0.42/49.49 ± 0.16 0.443 ± 0.083 0.20 1.60 ± 0.30 54.50 1.74 × 1012 5.16 × 10−10
BGPS 3608 18:31:54.82 -9:39:05.03 63.77 ± 1.36/63.96 ± 0.27 1.995 ± 0.220 0.26 5.45 ± 0.62 230.13 8.45 × 1012 1.85 × 10−9
BGPS 3627 18:31:42.32 -9:24:29.17 81.30 ± 0.51/82.25 ± 0.54 0.596 ± 0.149 0.11 3.99 ± 1.05 71.83 2.45 × 1012 7.18 × 10−10
BGPS 3656 18:32:49.54 -9:21:29.26 77.25 ± 0.79/27.91 ± 0.29 0.749 ± 0.141 0.19 2.89 ± 0.74 79.14 3.04 × 1012 8.49 × 10−10
BGPS 3686 18:34:14.58 -9:18:35.84 77.28 ± 0.50/78.14 ± 0.29 1.979 ± 0.199 0.24 5.92 ± 0.69 118.35 8.61 × 1012 1.43 × 10−9
BGPS 3705 18:34:32.69 -9:14:09.40 61.58 ± 0.90/74.42 ± 0.57 5.559 ± 0.303 0.19 21.00 ± 1.23 373.78 2.31 × 1013 4.90 × 10−9
BGPS 3710 18:34:20.55 -9:10:01.94 74.68 ± 1.04/75.11 ± 0.13 3.014 ± 0.195 0.45 4.85 ± 0.47 130.96 1.30 × 1013 2.09 × 10−9
and 10.50 km s−1, respectively. The histograms of FWZPs
are displayed in Figure 2. More than half of the sources
have FWZPs > 10 km s−1 probably attributed to outflows
from undetected embedded protostars while the number of
the sources associated with narrow velocity ranges (FWZP
< 10 km s−1) is still considerable. In the current work, the
proportions of sources in the low-velocity group are ∼ 40%
for both SiO lines. The comparison of the FWZP values for
the SiO 1-0 and 2-1 lines is presented in Figure 3. The rela-
tion between the FWZPs of the two SiO lines is obvious. The
mean and median FWZPs of the two SiO lines are roughly
equal although the covered regions in the observations of
the SiO 1-0 and 2-1 lines are different due to the different
beam sizes. Other detailed properties of the SiO lines are
also written in Table 4.
The SiO line profiles of most sources do not have high
signal-to-noise ratios so that the high-velocity wings can not
be clearly distinguished from noise for individual sources.
The average line profiles of the SiO 1-0 and 2-1 emission
from detected sources located between 2-7 kpc are presented
in Figure 4. The value of main beam temperature is adjusted
as if the distances of these sources are uniformly 1 kpc. The
detected sources with a large distance > 7 kpc are excluded
lest the spectra of the most distant sources dominate the
average spectra. Single Gaussians are fitted to the average
spectra, and the fitted curves are also presented. The fitted
curve to the SiO 1-0 spectrum has a 6.8 km s−1 FWHM, and
the high-velocity wings are also shown. The FWHM of the
fitted curve to the SiO 2-1 spectrum is 9.4 km s−1. In ad-
dition, the distance-weighted average SiO line profiles from
MNRAS 000, 1–12 (2020)
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Table 2. continued
Name RA Dec
Vlsr(NH3)/Vlsr(H2CO)
∫
Tmbdv Tmb FWHM LH2CO
N(H2CO) X(H2CO)
[km s−1] [K km s−1] [K] [km s−1] [10−7 L⊙ ] [cm
−2]
BGPS 3716 18:34:24.15 -9:08:03.60 75.87 ± 1.57/76.81 ± 0.12 3.738 ± 0.149 0.48 5.83 ± 0.26 256.25 1.73 × 1013 5.67 × 10−9
BGPS 3736 18:33:28.22 -8:55:04.36 65.39 ± 0.71/65.74 ± 0.06 1.544 ± 0.095 6.44 1.70 ± 0.10 270.75 6.43 × 1012 1.44 × 10−9
BGPS 3822 18:33:32.06 -8:32:26.27 54.55 ± 0.64/54.86 ± 0.10 1.909 ± 0.158 0.51 2.71 ± 0.26 150.15 7.70 × 1012 8.56 × 10−10
BGPS 3833 18:33:36.50 -8:30:50.70 55.59 ± 0.55/
55.23 ± 0.30 0.903 ± 0.156 0.19 3.59 ± 0.85
126.16 7.53 × 1012 1.29 × 10−981.71 ± 0.33 0.953 ± 0.156 0.19 4.17 ± 0.84
BGPS 3892 18:35:59.74 -8:38:56.48 64.46 ± 0.95/63.33 ± 0.13 0.531 ± 0.080 0.23 1.63 ± 0.28 103.48 2.13 × 1012 1.76 × 10−10
BGPS 3922 18:33:40.98 -8:14:55.30 89.22 ± 0.48/89.28 ± 0.12 0.578 ± 0.080 0.26 1.75 ± 0.29 3897.1 2.36 × 1012 6.15 × 10−10
BGPS 3924 18:34:51.17 -8:23:40.02 81.29 ± 0.87/81.35 ± 0.14 0.440 ± 0.073 0.23 1.59 ± 0.29 101.84 1.78 × 1012 5.55 × 10−10
BGPS 3982 18:34:30.79 -8:02:07.36 53.94 ± 0.32/54.28 ± 0.15 1.640 ± 0.145 0.39 3.47 ± 0.35 1523.8 6.81 × 1012 2.01 × 10−9
BGPS 4029 18:35:54.40 -7:59:44.60 81.52 ± 0.77/81.43 ± 0.30 2.179 ± 0.409 0.55 3.05 ± 0.53 188.95 8.81 × 1012 9.13 × 10−10
BGPS 4082 18:35:10.07 -7:39:43.55 99.52 ± 0.51/99.83 ± 0.40 4.683 ± 0.631 0.61 6.04 ± 1.09 838.26 1.99 × 1013 3.90 × 10−9
BGPS 4095 18:35:04.00 -7:36:06.46 112.99 ± 0.44/118.07 ± 0.24 1.120 ± 0.344 0.48 1.84 ± 0.94 222.38 4.74 × 1012 6.90 × 10−10
BGPS 4119 18:36:29.65 -7:42:06.09 55.33 ± 1.20/55.36 ± 0.17 2.223 ± 0.136 0.29 5.42 ± 0.40 478.76 9.86 × 1012 4.65 × 10−9
BGPS 4135 18:37:44.06 -7:48:15.35 59.63 ± 1.71/
58.39 ± 0.07 0.708 ± 0.066 0.29 1.70 ± 0.20
109.59 5.39 × 1012 1.20 × 10−961.72 ± 0.11 0.534 ± 0.070 0.19 1.93 ± 0.35
BGPS 4140 18:36:49.66 -7:40:36.83 96.00 ± 0.40/96.03 ± 0.14 0.969 ± 0.178 0.35 1.73 ± 0.43 87.79 4.29 × 1012 1.39 × 10−9
BGPS 4145 18:36:52.95 -7:39:49.20 96.53 ± 0.52/
96.44 ± 0.12 0.514 ± 0.111 0.35 1.02 ± 0.25
88.43 2.21 × 1012 5.74 × 10−10101.44 ± 0.14 −2.661 ± 0.208 −0.55 3.56 ± 0.33
BGPS 4191 18:37:04.58 -7:33:12.26 97.51 ± 0.56/97.14 ± 0.14 1.639 ± 0.174 0.45 2.61 ± 0.30 298.01 6.85 × 1012 1.17 × 10−9
BGPS 4230 18:35:50.85 -7:12:23.58 107.44 ± 0.50/107.42 ± 0.08 1.341 ± 0.091 0.45 2.18 ± 0.08 235.36 6.18 × 1012 8.06 × 10−10
BGPS 4294 18:38:51.58 -6:55:36.52 56.17 ± 0.56/56.39 ± 0.11 1.780 ± 0.100 0.33 4.17 ± 0.26 398.71 7.88 × 1012 1.79 × 10−9
BGPS 4297 18:38:56.37 -6:55:08.44 58.65 ± 0.56/
58.60 ± 0.21 1.224 ± 0.318 0.35 2.67 ± 0.93
209.50 6.23 × 1012 2.10 × 10−963.72 ± 0.60 −1.178 ± 0.275 −0.19 4.48 ± 1.19
BGPS 4346 18:38:49.58 -6:31:27.06 92.59 ± 1.71/93.35 ± 0.09 4.450 ± 0.133 0.51 6.24 ± 0.19 1045.3 2.80 × 1013 1.96 × 10−8
BGPS 4347 18:38:42.93 -6:30:27.83 93.47 ± 0.82/93.66 ± 0.06 3.523 ± 0.100 0.61 4.13 ± 0.14 684.06 1.58 × 1013 5.72 × 10−9
BGPS 4354 18:38:51.42 -6:29:15.38 93.97 ± 0.86/92.97 ± 0.97 2.795 ± 0.608 0.26 9.19 ± 2.46 660.38 1.16 × 1013 3.20 × 10−9
BGPS 4356 18:37:29.48 -6:18:12.13 109.94 ± 0.72/110.83 ± 0.29 2.669 ± 0.371 0.51 4.20 ± 0.64 366.49 1.20 × 1013 1.18 × 10−9
BGPS 4375 18:39:10.19 -6:21:15.90 93.07 ± 0.42/93.21 ± 0.12 0.965 ± 0.199 0.45 1.56 ± 0.54 96.23 3.90 × 1012 8.59 × 10−10
BGPS 4396 18:38:34.74 -5:56:43.97 112.73 ± 0.47/
97.02 ± 0.29 0.894 ± 0.166 0.23 2.88 ± 0.59
165.93 9.04 × 1012 8.14 × 10−10113.30 ± 0.26 1.316 ± 0.240 0.29 3.50 ± 1.02
BGPS 4402 18:39:28.64 -5:57:58.57 99.21 ± 0.59/
99.17 ± 0.21 1.391 ± 0.145 0.23 4.46 ± 0.63
177.00 5.80 × 1012 9.31 × 10−10
113.93 ± 0.29 −0.845 ± 0.119 −0.16 4.65 ± 0.64
BGPS 4422 18:38:47.88 -5:36:16.38 110.71 ± 0.46/110.83 ± 0.16 0.835 ± 0.100 0.23 3.05 ± 0.49 91.38 3.59 × 1012 9.60 × 10−10
BGPS 4472 18:41:17.32 -5:09:56.83 46.88 ± 0.40/47.71 ± 0.08 3.419 ± 0.100 0.41 6.10 ± 0.23 244.90 1.48 × 1013 2.57 × 10−9
BGPS 4732 18:44:23.40 -4:02:01.21 88.32 ± 0.54/88.20 ± 0.14 1.458 ± 0.133 0.33 3.17 ± 0.33 144.33 5.96 × 1012 5.62 × 10−10
BGPS 4827 18:44:42.45 -3:44:21.63 86.10 ± 0.50/86.30 ± 0.07 2.198 ± 0.124 0.64 2.48 ± 0.18 369.51 9.91 × 1012 9.92 × 10−10
BGPS 4841 18:42:15.65 -3:22:26.19 83.98 ± 0.66/83.40 ± 0.10 1.188 ± 0.104 0.39 2.29 ± 0.23 149.66 4.83 × 1012 7.88 × 10−10
BGPS 4902 18:46:11.36 -3:42:55.73 84.14 ± 1.05/84.12 ± 0.07 4.078 ± 0.145 0.74 3.98 ± 0.17 612.16 1.73 × 1013 3.93 × 10−9
BGPS 4953 18:45:51.82 -3:26:24.16 90.78 ± 0.77/90.89 ± 0.11 1.759 ± 0.116 0.41 3.14 ± 0.26 368.68 7.25 × 1012 2.03 × 10−9
BGPS 4962 18:45:59.61 -3:25:14.53 88.31 ± 0.39/88.87 ± 0.25 1.354 ± 0.215 0.33 3.10 ± 0.56 347.76 5.56 × 1012 1.57 × 10−9
BGPS 4967 18:43:27.80 -3:05:14.94 80.31 ± 0.54/80.80 ± 0.09 0.891 ± 0.165 0.61 1.06 ± 5.33 83.70 3.63 × 1012 7.30 × 10−10
BGPS 5021 18:44:37.07 -2:55:04.40 80.05 ± 0.65/79.86 ± 0.13 2.653 ± 0.169 0.48 4.29 ± 0.33 192.28 1.08 × 1013 1.27 × 10−9
BGPS 5064 18:45:48.44 -2:44:31.65 100.72 ± 0.59/100.80 ± 0.10 2.873 ± 0.199 0.58 3.64 ± 0.37 539.90 1.29 × 1013 2.70 × 10−9
BGPS 5089 18:48:49.88 -2:59:47.86 85.20 ± 0.64/85.54 ± 0.07 1.724 ± 0.100 0.55 2.53 ± 0.18 509.91 7.59 × 1012 1.28 × 10−9
BGPS 5090 18:46:35.81 -2:42:30.19 96.30 ± 0.64/96.83 ± 0.11 0.803 ± 0.111 0.41 1.54 ± 0.25 149.05 3.21 × 1012 7.97 × 10−10
BGPS 5114 18:50:23.54 -3:01:31.58 65.82 ± 0.76/64.51 ± 0.35 2.275 ± 0.283 0.35 5.33 ± 0.69 213.46 9.75 × 1012 1.39 × 10−9
BGPS 5166 18:47:54.26 -2:26:07.11 102.73 ± 0.53/102.40 ± 0.06 2.175 ± 0.145 0.93 1.86 ± 0.14 559.08 9.68 × 1012 2.42 × 10−9
BGPS 5183 18:47:00.29 -2:16:38.63 113.78 ± 0.44/... ... ... ... ... ... ...
BGPS 5243 18:47:54.70 -2:11:10.72 95.89 ± 0.44/96.06 ± 0.13 1.170 ± 0.153 0.45 2.12 ± 0.35 219.85 4.83 × 1012 1.02 × 10−9
Table 3. The numbers of overlapping detections between the SiO
and H2CO lines. The numbers in the diagonal represent the total
numbers of the detections in the corresponding lines.
SiO 1-0 SiO 2-1 SiO 3-2 H2CO
SiO 1-0 31 28 8 31
SiO 2-1 28 31 8 31
SiO 3-2 8 8 8 8
H2CO 31 31 8 93
the sources without clear detections are plotted in Figure
5. The profiles suggest that the SiO emission is undetected
in these sources mainly due to intrinsic property and not
because of the instrumental sensitivity limit.
The widths of the SiO 3-2 transition are provided in
Table 5. The mean and median values of the FWZPs for the
SiO 3-2 line are 8.46 and 8.0 km s−1, respectively. There
is no source with FWZP>20 km s−1, and almost all of the
sources associated with broad SiO 1-0 and 2-1 line profiles
are not detected in the SiO 3-2 line. It could be caused by the
low sensitivity limitation in the SiO 3-2 observations since
the noise of the SiO 3-2 spectrum is higher than those of the
SiO 1-0 and 2-1 spectra in most of these sources. But the
different beam sizes can also be a factor. The conclusion can
not be made before mapping observations are performed.
The FWHMs of the H2CO lines are included in Table 1.
The average value of the FWHMs of the H2CO lines is 3.47
km s−1, and the median value is 3.05 km s−1. The average
H2CO line profile is also calculated and displayed in the top
panel of Figure 6. The comparison between the distance-
weighted average H2CO line profiles from the sources with
and without SiO emissions is displayed in the lower panel.
The FWHMs of the average H2CO line profiles from the
sources associated with SiO emissions and without SiO emis-
sions are 3.46 and 2.79 km s−1, respectively. But the dif-
ference of the two average FWHMs is not statistically sig-
nificant. The line widths of the SiO and H2CO molecules
can not be explained by thermal broadenings with reason-
able temperature of dense gases. So the higher values of the
line widths are mostly attributed to turbulence or bulk mo-
tions. The significant difference in the velocity fields showed
from line widths between SiO and H2CO emissions sug-
gests the different origins and distributions between these
two molecules.
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Table 4. The properties of the SiO 1-0 and 2-1 lines emitted from corresponding sources. FWZP is full width at zero power. LSiO1−0 and
LSiO2−1 are the luminosities for the SiO 1-0 and 2-1 lines, respectively.
SiO 1-0 SiO 2-1
Name
Vlsr
∫
Tmbdv Tmb FWZP LSiO1−0 Vlsr
∫
Tmbdv Tmb FWZP LSiO2−1
[km s−1] [K km s−1] [K] [km s−1] 10−7 L⊙ [km s
−1] [K km s−1] [K] [km s−1] 10−7 L⊙
BGPS 2724 34.15 ± 0.40 0.098 ± 0.028 0.049 3.5 0.26 34.80 ± 0.76 0.243 ± 0.055 0.049 7.9 1.98
BGPS 2945 20.85 ± 0.28 0.201 ± 0.035 0.080 6.1 0.43 ... ... ... ... ...
BGPS 2970 40.81 ± 0.84 0.688 ± 0.088 0.061 25.9 13.04 43.03 ± 1.84 0.324 ± 0.065 0.061 7.2 26.89
BGPS 2976 40.78 ± 1.05 0.420 ± 0.061 0.041 19.0 1.61 40.03 ± 1.84 0.403 ± 0.066 0.026 22.6 6.10
BGPS 3110 17.96 ± 0.25 0.604 ± 0.061 0.131 8.5 4.18 17.48 ± 0.18 0.935 ± 0.070 0.170 13.7 12.58
BGPS 3114 22.27 ± 0.50 0.355 ± 0.053 0.068 10.0 2.29 22.69 ± 0.27 0.548 ± 0.053 0.115 8.6 7.69
BGPS 3118 18.18 ± 0.75 0.430 ± 0.056 0.045 20.7 2.39 18.06 ± 0.59 0.659 ± 0.078 0.070 15.6 13.00
BGPS 3128 17.84 ± 0.56 0.268 ± 0.048 0.061 8.6 8.71 18.22 ± 0.47 0.404 ± 0.081 0.093 7.0 29.31
BGPS 3139 19.76 ± 0.34 0.163 ± 0.026 0.064 5.3 8.33 19.84 ± 0.85 0.141 ± 0.035 0.026 7.0 16.88
BGPS 3220 46.34 ± 0.20 0.205 ± 0.035 0.086 7.0 5.15 44.77 ± 0.45 0.345 ± 0.056 0.100 5.6 23.48
BGPS 3247 ... ... ... ... ... 45.41 ± 0.48 0.555 ± 0.075 0.115 7.7 67.19
BGPS 3344 62.09 ± 2.34 0.258 ± 0.056 0.019 15.7 9.98 64.87 ± 1.48 0.223 ± 0.049 0.035 7.1 34.39
BGPS 3442 73.09 ± 2.76 0.180 ± 0.035 0.023 13.5 10.63 77.31 ± 2.49 0.374 ± 0.075 0.026 13.7 59.83
BGPS 3604 48.00 ± 0.42 0.704 ± 0.061 0.070 23.6 138.3 46.26 ± 0.92 0.314 ± 0.059 0.041 10.5 146.34
BGPS 3627 79.61 ± 3.54 0.608 ± 0.148 0.033 27.8 20.63 80.16 ± 2.28 0.454 ± 0.125 0.041 13.8 41.80
BGPS 3656 36.05 ± 2.38 0.219 ± 0.066 0.074 5.1 10.15 ... ... ... ...
BGPS 3686 77.99 ± 0.61 0.275 ± 0.041 0.041 13.7 4.05 80.55 ± 1.67 0.454 ± 0.079 0.033 20.5 21.30
BGPS 3710 74.47 ± 0.46 0.258 ± 0.054 0.049 19.2 1.56 73.60 ± 1.09 0.238 ± 0.053 0.033 13.7 6.38
BGPS 3822 56.49 ± 5.06 0.576 ± 0.106 0.016 55.1 12.48 50.09 ± 2.49 0.526 ± 0.084 0.029 23.8 35.04
BGPS 3982 53.85 ± 0.31 0.298 ± 0.026 0.070 7.7 80.58 54.14 ± 0.58 0.556 ± 0.056 0.064 12.0 316.89
BGPS 4029 81.45 ± 1.01 0.435 ± 0.048 0.039 22.5 10.36 82.68 ± 0.75 0.936 ± 0.081 0.074 21.3 47.90
BGPS 4082 99.33 ± 1.05 0.310 ± 0.045 0.035 16.9 18.38 98.64 ± 0.36 0.640 ± 0.059 0.100 11.0 93.33
BGPS 4230 108.83 ± 2.92 0.680 ± 0.170 0.029 41.4 30.20 ... .... ... ... ...
BGPS 4294 56.10 ± 0.29 0.111 ± 0.021 0.058 3.6 7.54 55.88 ± 0.27 0.171 ± 0.029 0.068 4.3 24.11
BGPS 4297 ... ... ... ... ... 56.01 ± 0.50 0.295 ± 0.038 0.058 6.9 43.88
BGPS 4356 110.81 ± 0.46 0.338 ± 0.038 0.064 9.4 12.76 111.31 ± 0.87 0.205 ± 0.053 0.039 6.8 16.86
BGPS 4375 ... ... ... ... ... 91.66 ± 0.40 0.185 ± 0.033 0.061 5.1 11.55
BGPS 4396 110.04 ± 1.30 0.155 ± 0.048 0.029 8.6 6.64 107.46 ± 1.67 0.414 ± 0.079 0.035 13.5 44.49
BGPS 4402 101.44 ± 0.73 0.279 ± 0.043 0.041 12.2 8.60 99.33 ± 1.03 0.404 ± 0.071 0.051 10.4 48.51
BGPS 4472 47.04 ± 0.88 0.501 ± 0.075 0.051 19.1 9.28 49.12 ± 0.89 1.071 ± 0.108 0.086 20.7 76.84
BGPS 5021 80.08 ± 0.30 0.274 ± 0.038 0.078 7.8 13.11 79.65 ± 0.21 0.731 ± 0.063 0.135 12.0 68.09
BGPS 5064 99.81 ± 0.42 0.425 ± 0.061 0.074 15.6 17.23 100.07 ± 0.90 0.541 ± 0.049 0.061 14.7 75.41
BGPS 5114 65.63 ± 0.26 0.420 ± 0.038 0.093 11.3 9.66 64.93 ± 0.25 0.598 ± 0.053 0.138 8.6 30.46
BGPS 5243 96.79 ± 0.21 0.146 ± 0.024 0.068 4.3 6.10 96.93 ± 0.25 0.270 ± 0.040 0.070 6.0 32.04
Table 5. The properties of the SiO 3-2 line emitted from corresponding sources. LSiO3−2 is the luminosity
Name
Vlsr
∫
Tmbdv Tmb FWZP LSiO3−2
km s−1 K km s−1 K km s−1 10−7 L⊙
BGPS 3110 17.92 ± 0.14 0.588 ± 0.035 0.148 6.8 15.85
BGPS 3114 22.20 ± 0.31 0.400 ± 0.081 0.148 3.5 8.75
BGPS 3118 19.77 ± 1.66 0.573 ± 0.138 0.166 9.2 19.46
BGPS 3686 80.79 ± 1.18 0.454 ± 0.085 0.041 13.8 26.89
BGPS 4472 50.94 ± 0.66 1.300 ± 0.118 0.103 16.1 94.59
BGPS 5064 101.30 ± 1.24 0.153 ± 0.043 0.029 5.6 43.26
BGPS 5114 65.47 ± 0.25 0.184 ± 0.039 0.084 3.4 14.49
BGPS 5243 97.30 ± 0.57 0.261 ± 0.059 0.049 9.3 30.11
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Figure 2. The histogram of the line widths (FWZP) of the SiO
1-0 and 2-1 lines.
3.3 Luminosity
Since the spatial distributions of the gases that emit the
molecular lines are not known, we use fluxes per beam cal-
culated from velocity-integrated intensity to estimate the lu-
minosities of the SiO and H2CO lines for simplicity. So the
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Figure 3. The comparison of the FWZPs of the SiO 1-0 and 2-
1 lines of corresponding sources. The dashed line indicates the
position where the FWZPs of the SiO lines are equal.
derived values represent the lower limit of the real luminosi-
ties. In table 4, the luminosities of the SiO 1-0 and 2-1 lines
are listed. And those of the SiO 3-2 line and the H2CO line
are provided in Table 5 and 1, respectively. The luminosity
ranges from 0.26 × 10−7 to 1.38 × 10−5 L⊙ for the SiO 1-0
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Figure 4. The distance-weighted average SiO line profiles of the
detected sources located between 2-7 kpc. The vertical and hori-
zontal dashed lines indicate the velocity range from -5 to 5 km s−1
and the rms noise levels. The Gaussin fittings to the profiles are
plotted as dash-dot lines.
line, from 1.98×10−7 to 3.17×10−5 L⊙ for the SiO 2-1 line,
from 8.75×10−7 to 9.46×10−6 L⊙ for the SiO 3-2 line, and
6.11 × 10−7 to 4.30 × 10−4 L⊙ for the H2CO line. The me-
dian values of the luminosities are 9.28× 10−7, 3.20× 10−6,
2.32× 10−6 and 1.89× 10−5 L⊙ for the corresponding lines,
respectively.
3.4 SiO column density and abundance
Under the assumption of a beam-filling factor of unity and
a LTE condition for the SiO 1-0 and 2-1 lines and the opti-
cally thin assumption, the molecular column density can be
derived by the equation below (Mangum & Shirley 2015):
N =
3h
8pi3Sµ2
Qrot(Tex)
gjgkgs
exp(Eu/kTex)
exp(hν/kTex)− 1
∫
Tmbdv
Jν(Tex)− Jν(Tbg)
,
(1)
where h is the Planck constant, S is the line strength,
and µ is the dipole moment. Qrot(Tex) is the partition func-
tion for the excitation temperature Tex. Tbg = 2.73 K is the
temperature of the background radiation. gJ = 2Ju + 1 is
the rotational degeneracy, and gK = 1 and gs = 1 are the K
degeneracy and spin degeneracy for SiO molecules, respec-
tively. Jν(T ) =
hν
k
(exp(hν/kT )−1)−1 is the Rayleigh-Jeans
brightness temperature.
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Figure 5. The distance-weighted average profiles of the SiO 1-0
and 2-1 lines for the targets without clear detections.
The median gas kinetic temperature of these SCCs is
14 K (Svoboda et al. 2016), but the temperature of the
shocked gas should be different. The excitation tempera-
ture of the shocked gas emitting the SiO lines is unclear,
but Tex = 10 K is considered as a good assumption of ex-
citation temperature for the physical properties of SCCs by
previous studies (Leurini et al. 2014; Csengeri et al. 2016).
Csengeri et al. (2016) also pointed out that the estimated
column density of the SiO molecules does not vary signif-
icantly with a appropriate excitation temperature ranging
from 5 to 30 K. The estimated SiO column densities are
written in Table 6. The estimated SiO column densities de-
rived from the observed fluxes of the SiO 1-0 line and the
SiO 2-1 line range from 5.99 × 1011 to 4.32 × 1012 cm−2
and from 3.07× 1011 to 2.32× 1012 cm−2, respectively. The
median values are 1.83 × 1012 cm−2 and 8.75 × 1011 cm−2,
and the mean values are 2.16 × 1012 and 9.92× 1011 cm−2.
The range of the estimated SiO column densities is not sig-
nificantly different from the results for the starless clumps
in the previous works (Csengeri et al. 2016; Li et al. 2019).
In most sources, the SiO column densities estimated from
the SiO 1-0 and 2-1 lines can not match even if the Tex is
changed in a range of 5-100 K. What causes the difference
between the estimated values derived from the SiO 1-0 and
2-1 lines is discussed in Section 4.1.
In order to estimate the SiO abundance, the column
density of H2 should be also calculated. The 1.1 mm con-
tinuum thermal dust emission from BGPS is used to es-
timate the gas mass and column density of the SCCs
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Figure 6. The distance-weighted average line profile of H2CO
emissions is presented in the top panel. The comparison between
the distance-weighted average H2CO line profiles from the sources
with and without SiO emissions is displayed in the lower panel.
(Ginsburg et al. 2013) through the formula (Li et al. 2019)
below:
Mgas = η
Sνd
2
Bν(T )κν
(2)
and
N(H2) =
ηFν
Bν(T )ΩκνµH2mH
, (3)
where Mgas is the clump mass. η = 100 is the gas-to-
dust mass ratio (Schuller et al. 2008), Sν is the integrated
continuum flux at the frequency of ν. d is the source dis-
tance given in Calahan et al. (2018), Bν(T ) is the inten-
sity of a blackbody at the temperature T and frequency
ν, and κν = 10(ν/(1.2 × 1012))1.5 cm2 g−1 is the dust
opacity (Hildebrand 1983). N(H2) is the column density of
H2, Fν is the flux density, and Ω is the beam solid angle.
µH2 = 2.8 is the molecular weight of a hydrogen molecule
(Kauffmann et al. 2008), and mH is the mass of a hydrogen
atom. The gas mass Mgas is derived from the total 1.1 mm
continuum flux toward a starless clump candidate, but the
H2 column density is calculated by using the continuum flux
with a beam size of 40′′. Assuming that the dust temperature
is equal to the NH3 derived gas kinetic temperature provided
by Svoboda et al. (2016), the estimated gas masses and H2
column densities of the SCCs which exhibit SiO emission are
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Figure 7. The mass distributions of the sources. The solid line
represents the mass distribution of the sources with SiO emis-
sion. The dash-dotted line shows the mass distribution of the
sources without SiO emission. And the dashed line display the
mass distribution of all the sources.
listed in Table 6. The mass distribution of the starless clump
candidates is showed in Figure 7. The mass distributions of
the sources with and without SiO emission are also showed
in Figure 7. The mean and median gas masses of the total
SCC sample are 697.1 and 372.2 M⊙, respectively. And the
mean masses of the SCCs with and without SiO emission
are 937.3 and 620.6 M⊙. The median masses of the SCCs
with and without SiO emission are 535.5 and 243.4 M⊙. By
using Kolmogorov-Smirnov test, it is found that the mass
distributions of the two samples are not significantly differ-
ent.
After the column densities of SiO and H2 molecules are
calculated, the SiO abundances are obtained and also pre-
sented in Table 6. In the SCCs, the H2 column density ranges
from 1.14×1021 to 5.89×1022 cm−2, and the mean and me-
dian values are 6.18×1021 and 4.84×1021 cm−2, respectively.
The SiO abundance estimated from the SiO 1-0 line ranges
from 3.70×10−11 to 1.09×10−9, and the average and median
values are 3.36×10−10 and 2.77×10−10, respectively. Corre-
spondingly, The SiO abundance derived from the properties
of the SiO 2-1 line ranges from 2.02×10−11 to 4.03×10−10 .
In addition, the mean and median values are 1.59 × 10−10
and 1.41× 10−10, respectively.
3.5 H2CO column density and abundance
The column density of the H2CO molecules is also calcu-
lated through Equation 1 under the same assumptions but
with corresponding parameters for H2CO molecules. The
excitation temperature is assumed to be the NH3 derived
gas kinetic temperature. The derived column densities are
provided in Table 1, and they range from 1.03 × 1012 to
1.16×1014 cm−2. The average column density is 1.27×1013
cm−2, and the median value is 7.94×1012 cm−2. The H2CO
abundances estimated by comparing column densities of H2
and H2CO molecules are also written in Table 1. The abun-
dances range from 1.77× 10−10 to 1.96× 10−8. The average
and median values are 2.57× 10−9 and 1.45× 10−9, respec-
tively. The estimated values of the H2CO abundances are
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Table 6. The column densities and abundances of the SiO molecules estimated from the flux densities of the SiO 1-0, 2-1 and 3-2 lines,
and the excitation temperature is assumed to be 10 K.
SiO 1-0 SiO 2-1 SiO 3-2
Name M [M⊙] N(H2) [cm
−2] N(SiO) [cm−2] X(SiO) N(SiO) [cm−2] X(SiO) N(SiO) [cm−2] X(SiO)
BGPS 2724 18.5 2.77 × 1021 5.99 × 1011 2.16 × 10−10 5.27 × 1011 1.90 × 10−10 ... ...
BGPS 2945 52.9 6.03 × 1021 1.24 × 1012 2.05 × 10−10 ... ... ... ...
BGPS 2970 597.6 1.00 × 1022 4.23 × 1012 4.23 × 10−10 7.01 × 1011 7.01 × 10−11 ... ...
BGPS 2976 36.6 4.34 × 1021 2.58 × 1012 5.94 × 10−10 8.75 × 1011 2.02 × 10−10 ... ...
BGPS 3110 370.8 1.72 × 1022 3.71 × 1012 2.16 × 10−10 2.03 × 1012 1.18 × 10−10 1.01 × 1012 5.87 × 10−11
BGPS 3114 5371.3 5.89 × 1022 2.18 × 1012 3.71 × 10−11 1.19 × 1012 2.02 × 10−11 6.85 × 1011 1.16 × 10−11
BGPS 3118 365.4 9.36 × 1021 2.64 × 1012 2.82 × 10−10 1.44 × 1012 1.54 × 10−10 9.83 × 1011 1.05 × 10−10
BGPS 3128 695.2 8.79 × 1021 1.65 × 1012 1.87 × 10−10 8.75 × 1011 9.96 × 10−11 ... ...
BGPS 3139 1417.0 7.75 × 1021 1.00 × 1012 1.29 × 10−10 3.07 × 1011 3.96 × 10−11 ... ...
BGPS 3220 415.4 9.80 × 1021 1.26 × 1012 1.29 × 10−10 7.47 × 1011 7.65 × 10−11 ... ...
BGPS 3247 380.6 4.18 × 1021 ... ... 1.21 × 1012 2.89 × 10−10 ... ...
BGPS 3344 1776.1 4.96 × 1021 1.58 × 1012 3.20 × 10−10 4.83 × 1011 9.73 × 10−11 ... ...
BGPS 3442 254.3 5.15 × 1021 1.11 × 1012 2.15 × 10−10 8.11 × 1011 1.58 × 10−10 ... ...
BGPS 3604 2676.0 5.61 × 1021 4.32 × 1012 7.69 × 10−10 6.84 × 1011 1.22 × 10−10 ... ...
BGPS 3627 766.4 3.41 × 1021 3.73 × 1012 1.10 × 10−9 9.85 × 1011 2.89 × 10−10 ... ...
BGPS 3656 161.4 3.58 × 1021 1.35 × 1012 3.77 × 10−10 ... ... ... ...
BGPS 3686 404.7 6.01 × 1021 1.69 × 1012 2.82 × 10−10 9.85 × 1011 1.64 × 10−10 7.76 × 1011 1.29 × 10−10
BGPS 3710 133.4 6.22 × 1021 1.58 × 1012 2.55 × 10−10 5.16 × 1011 8.28 × 10−11 ... ...
BGPS 3822 392.8 9.00 × 1021 3.54 × 1012 3.93 × 10−10 1.15 × 1012 1.27 × 10−10 ... ...
BGPS 3982 2177.2 3.39 × 1021 1.83 × 1012 5.39 × 10−10 1.21 × 1012 3.57 × 10−10 ... ...
BGPS 4029 473.4 9.65 × 1021 2.67 × 1012 2.77 × 10−10 2.03 × 1012 2.11 × 10−10 ... ...
BGPS 4082 336.3 5.10 × 1021 1.91 × 1012 3.74 × 10−10 1.39 × 1012 2.73 × 10−10 ... ...
BGPS 4230 623.2 7.67 × 1021 4.18 × 1012 5.43 × 10−10 ... ... ... ...
BGPS 4294 613.0 4.39 × 1021 6.86 × 1011 1.56 × 10−10 3.73 × 1011 8.52 × 10−11 ... ...
BGPS 4297 142.8 2.96 × 1021 ... ... 6.43 × 1011 2.17 × 10−10 ... ...
BGPS 4356 1727.4 1.02 × 1022 2.07 × 1012 2.03 × 10−10 4.46 × 1011 4.37 × 10−11 ... ...
BGPS 4375 117.5 4.54 × 1021 ... ... 4.02 × 1011 8.86 × 10−11 ... ...
BGPS 4396 808.3 1.11 × 1022 9.58 × 1011 8.61 × 10−11 8.98 × 1011 8.11 × 10−11 ... ...
BGPS 4402 253.0 6.23 × 1021 1.72 × 1012 2.76 × 10−10 8.75 × 1011 1.40 × 10−10 ... ...
BGPS 4472 130.3 5.76 × 1021 3.08 × 1012 5.34 × 10−10 2.32 × 1012 4.03 × 10−10 2.23 × 1012 3.87 × 10−10
BGPS 5021 832.0 8.51 × 1021 1.68 × 1012 1.98 × 10−10 1.59 × 1012 1.87 × 10−10 ... ...
BGPS 5064 1958.2 4.77 × 1021 2.62 × 1012 5.48 × 10−10 1.18 × 1012 2.47 × 10−10 2.61 × 1011 5.48 × 10−11
BGPS 5114 821.9 7.02 × 1021 2.58 × 1012 3.67 × 10−10 1.30 × 1012 1.85 × 10−10 3.14 × 1011 4.48 × 10−11
BGPS 5243 421.9 4.75 × 1021 8.98 × 1011 1.89 × 10−10 5.85 × 1011 1.23 × 10−10 4.48 × 1011 9.41 × 10−11
similar to those provided in previous works (Vichietti et al.
2016).
3.6 The uncertainties of the estimation for gas mass and
molecular hydrogen column density
According to the BGPS v2.1 data provided by
Ginsburg et al. (2013), the average 1σ uncertainty of
the 1.1 mm continuum flux density with a beam size of 40′′
is 34.69%, and the maximum uncertainty is 81.48%. The
average uncertainty of the 1.1 mm continuum integrated
flux density is 20.14%, and the maximum value is 46.04%.
The NH3 derived gas kinetic temperature is used to estimate
the gas masses and column densities. For most sources, the
uncertainty of the gas kinetic temperature is lower than
3%. The uncertainties of the gas-to-dust ratio η and the
dust opacity κν are assumed to be 23% and 28% as in
Li et al. (2019), respectively. Then the uncertainties of gas
mass and H2 column density for the SCCs are ∼ 44% and
∼ 53%, respectively. When analyzing some trends about
the gas masses and column densities among the SCCs, these
uncertainties are not important because of the large ranges
of gas masses and H2 column densities among the SCCs.
And the estimated molecular abundances calculated from
H2 column densities are still meaningful since very accurate
values of the abundances are not indispensable.
4 DISCUSSIONS
4.1 The excitation condition of the shocked gas
From Table 6, it is showed that the SiO column densities
estimated from the SiO 1-0 and 2-1 lines are different. And
in Figure 8, it is obvious that the estimated column densi-
ties from the SiO 1-0 line are higher than those from the
SiO 2-1 line in almost all of the sources with two line de-
tections. Generally, the beam-filling factor and the non-LTE
condition could make this difference. Since the SiO column
density estimated from the SiO 1-0 line is higher, the beam-
filling factor of the SiO 1-0 line would be higher if this was
the main cause. Considering the region covered by the SiO 2-
1 observation is also covered by the SiO 1-0 observation, the
outer region only covered by the SiO 1-0 observation must
be denser than those in the center region if the beam-filling
factor of the SiO 1-0 line is higher. This may be true in sev-
eral sources, but can not be true in most SCCs with detected
SiO 2-1 emission because the pointing position should not
always be very far from the shocked gas. So the beam-filling
factor and observational coverage should not be the main
cause. Then the lower estimated column densities from the
SiO 2-1 line are probably attributed to the non-LTE condi-
tion due to low density of H2 molecules. Commonly, the SiO
column densities estimated by using the line fluxes of low
SiO rotational transitions tend to be overestimated if the
calculation is treated with the LTE assumption that is not
satisfied in fact. Therefore we suggest that the SiO column
densities from the SiO 1-0 line could be overestimated be-
cause of the non-LTE condition if the beam dilution effect is
not important. In order to check this suggestion, we perform
the non-LTE analysis by using RADEX (van der Tak et al.
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Figure 8. The comparison between the SiO column densities esti-
mated from the SiO 1-0 and 2-1 lines of the sources both detected
in the two SiO lines. The estimates are calculated under the LTE
assumption. The dashed line represents the position where the
two estimated column densities are equal.
2007) with a plane parallel slab geometry to estimate the
SiO column densities under the assumption of the beam-
filling factors of unity. The resulting SiO column densities
are lower than those estimated from the SiO 1-0 line un-
der the LTE assumption in almost all the sources. Although
these non-LTE estimates are not necessarily more accurate
than the LTE values due to the unknown beam-filling fac-
tors, the analysis still supports a non-LTE environment of
the SiO molecules.
4.2 The fraction of the shocked gas in SCCs
The comparison between the distance-weighted average
H2CO line profiles from the sources associated with and
without SiO emission is plotted in the lower panel of Figure
6. There is no essential difference in these two line profiles.
The corresponding average line areas are 15.00 and 12.08
K km s−1 for the sources with and without SiO emission,
respectively. The average line area for the sources associated
with SiO emission is higher, but the difference between these
two average values is not statistically significant at the 5%
significance level.
The luminosities of the SiO and H2CO lines as a func-
tion of the SCC mass are showed in Figure 9. The sample
is distance limited and only includes the sources located be-
tween 3-7 kpc. The spearman test is used to evaluate the
correlation between the H2CO line luminosity and the gas
mass. The Spearman’s rank correlation coefficient is 0.35,
and the p-value is 0.28%. So the positive correlation between
the H2CO line luminosity and the clump mass is statisti-
cally significant. The correlation can also be be found from
the top panel of Figure 9. This result is not strange since
H2CO molecules are regarded as a good tracer of dense gas
of molecular cloud (Guo et al. 2016). On the contrary, the
luminosity of the SiO lines is not significantly correlated to
the clump mass in the spearman test. The coefficients of the
correlation between the luminosities of the SiO 1-0 and 2-1
lines and the clump mass are 0.16 and −0.20, and the cor-
responding p-values are 47.5% and 37.1%, respectively. This
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Figure 9. The luminosity of the H2CO and SiO lines as a function
of the gas mass of the SCCs. The distance limited sample includes
the detected sources located between 3-7 kpc.
implies that the relation between the shocks and the clump
mass is not obvious.
4.3 The origin of the shocks in SCCs
The SCCs can be representative of the very early stage of
star formation. In dense clouds, SiO is the best tracer to
probe the shocks and is very useful to evaluate the level of
star-forming activities. According to our observations of the
SiO lines, shocks seem to be quite common even in the early
evolutionary age of star formation. The broad SiO line pro-
files (FWZP> 20 km s−1) are obtained in 10 sources. They
are probably associated with fast shocks due to protostellar
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outflows (Mart´ın-Pintado et al. 1992; Jime´nez-Serra et al.
2010). For the distance-weight average SiO 1-0 and 2-1 spec-
tra presented in Figure 4, the fitted Gaussian curve to the
SiO 1-0 spectrum has relatively narrow line width with
a FWHM of 6.8 km s−1, but the high-velocity wings are
obvious. Moreover, the fitted curve to the SiO 2-1 spec-
trum with a 9.4 km s−1 FWHM can be classified as a
broad component in Csengeri et al. (2016). These results
suggest some Class 0-like protostars deeply embedded in
these SCCs, and SiO line emission seems to be a more pow-
erful tool to detect deeply embedded protostars and their
driving shocks than infrared emission (Csengeri et al. 2016).
In the current work, the signal-to-noise ratios of the de-
tected SiO line profiles are mostly not high (
∫
Tmbdv <
10σarea). Considering the limiting sensitivity of the obser-
vations that make the SiO line widths possibly underesti-
mated, there must be more sources hosting protostars. The
other sources show relatively narrower line widths (FWZP
< 20 km s−1). About the formation of the narrow veloc-
ity component, several explanations are provided. One is
low-velocity shocks due to large scale cloud-cloud collisions
(Jime´nez-Serra et al. 2010; Louvet et al. 2016), and another
is less powerful outflows from intermediate and low-mass
protostars (Beuther & Sridharan 2007; Inoue & Fukui 2013;
Sanhueza et al. 2013). So far, the origin of the shocks in
SCCs can not be solved because of the single-dish observa-
tions in the current works.
5 SUMMARY
In this paper, we used the KVN 21m radio telescopes to per-
form the single-point observations of the SiO 1-0, 2-1 and
3-2 lines and the H2CO 212−111 line toward 100 SCCs. The
sample of SCCs is provided by Calahan et al. (2018) and
was identified from the BGPS v2.1 catalog (Ginsburg et al.
2013). The detection rates of the four lines are 31.0%, 31.0%,
19.5% and 93.0%, respectively. Since SiO is a tracer of
shocks, the detection rates of the SiO lines suggest that
shocks are quite common in the SCCs as very early stage
of star formation. The SiO-detected sources provide a sam-
ple of targets for further studies of the origin of shocks in
SCCs using high angular resolution observations. The details
of our results are summarized as follows.
1. According to the FWZP velocity ranges of the de-
tected SiO lines, a significant fraction (∼ 29.4%) of the
SiO spectra have broad line widths (FWZP > 20 km s−1).
These broad line widths are regarded as indicators of the
fast shocks due to outflows from high-mass protostars. The
sources with fast shocks should be not real starless but proto-
stellar clumps. In addition, about 40% of the SiO detections
have narrow line widths (FWZP < 10 km s−1) possibly as-
sociated with low-velocity shocks. This result implies that
slow shocks are not rare in the early stage of star formation.
The origins of the shocks marked by the SiO emissions in the
SCCs need to be studied by further high-resolution mapping
observations.
2. The H2CO line widths are ∼ 3.0 km s−1 and rel-
atively much narrower than those of the SiO lines . This
indicate the locations of SiO (shocked gas) and the H2CO
molecules are different.
3. The estimated SiO column densities in the SCCs are
∼ 1012 cm−2 under the LTE assumption. By comparing the
estimated values derived from the SiO 1-0 and 2-1 line fluxes,
the SiO molecules are found to be non-LTE, and the esti-
mated values from the line fluxes of low transitions should be
overestimated without the consideration about beam dilu-
tion effect. The estimated SiO abundances measured against
H2 range from 2.02× 10−11 to 1.09× 10−9, and they should
be also overestimated. On the other hand, the estimated col-
umn densities and abundances could be underestimated due
to a beam dilution.
4. The estimated H2CO column densities in the SCCs
range from 1.03 × 1012 to 1.16 × 1014 cm−2. The median
column density is 7.94 × 1012 cm−2. The estimated H2CO
abundances are from 1.77 × 10−10 to 1.96 × 10−8, and the
median value is 1.45 × 10−9.
5. The positive correlation of the observed luminosity
of the H2CO line and the gas mass of the SCCs is obvious.
On the other hand, the SiO line luminosities seem to be
not significantly correlated to the gas mass. This result also
implies that the clump mass is not a direct cause of the
shocks formed in the early stage of star formation.
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APPENDIX A: THE NOISE LEVELS AND THE SIO
SPECTRA FOR INDIVIDUAL SOURCES
In the current work, the integration times and weather con-
ditions of the observations toward individual sources are dif-
ferent. In order to assess this effect on the detection rates of
the SiO lines, the rms noise at the velocity resolution of 1 km
s−1 in the SiO and H2CO lines of the observed sources are
calculated and listed in Table A1. The noise distributions
are presented in Figure A1. The median noise levels of the
entire sample and the sources with SiO detections are plot-
ted, respectively. The differences between these two kinds
of median values are not very significant. So the detection
rates are still meaningful. The spectra of the detected SiO
lines for individual sources are provided in Figure A2.
This paper has been typeset from a TEX/LATEX file prepared by
the author.
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Table A1. The noise levels at the velocity resolution of 1 km s−1 in the H2CO and SiO 1-0, 2-1 and 3-2 spectra for individual sources
are written. Which instruments used in observations are also presented. YS, US and TN mean Yonsei, Ulsan and Tamna telescopes,
respectively.
Name Telescope
δTmb(H2CO) δTmb(SiO(1-0)) δTmb(SiO(2-1)) δTmb(SiO(3-2))
[K] [K] [K] [K]
BGPS 2427 YS 0.064 0.017 0.027 0.018
BGPS 2430 US 0.053 0.026 0.030 0.031
BGPS 2432 TN 0.031 0.025 0.025 0.017
BGPS 2437 YS 0.064 0.021 0.024 0.018
BGPS 2533 US 0.061 0.024 0.032 0.025
BGPS 2564 TN 0.025 0.017 0.015 0.022
BGPS 2693 US 0.061 0.035 0.034 ...
BGPS 2710 YS 0.056 0.023 0.024 0.015
BGPS 2724 US 0.081 0.020 0.023 0.022
BGPS 2732 TN 0.028 0.023 0.018 ...
BGPS 2742 US 0.083 0.020 0.016 0.019
BGPS 2762 YS+US 0.064 0.027 0.023 0.018
BGPS 2931 TN+US 0.059 0.029 0.023 0.019
BGPS 2940 YS 0.026 0.021 0.032 ...
BGPS 2945 YS 0.026 0.013 0.022 ...
BGPS 2949 YS 0.028 0.021 0.034 ...
BGPS 2970 YS 0.033 0.015 0.024 0.056
BGPS 2971 US 0.075 0.015 0.014 0.014
BGPS 2976 TN 0.022 0.013 0.014 0.019
BGPS 2984 TN 0.025 0.031 0.025 0.019
BGPS 2986 US 0.064 0.039 0.027 0.031
BGPS 3018 TN 0.031 0.033 0.025 ...
BGPS 3030 TN 0.025 0.015 0.016 0.014
BGPS 3110 US 0.067 0.022 0.016 0.014
BGPS 3114 US 0.017 0.013 0.018 0.044
BGPS 3117 US 0.019 0.035 0.027 ...
BGPS 3118 YS 0.033 0.013 0.020 0.044
BGPS 3125 YS 0.031 0.023 0.042 ...
BGPS 3128 YS 0.131 0.015 0.029 ...
BGPS 3129 TN 0.047 0.027 0.021 0.014
BGPS 3134 TN 0.014 0.017 0.021 ...
BGPS 3139 TN 0.014 0.015 0.014 ...
BGPS 3151 TN 0.017 0.035 0.034 ...
BGPS 3220 YS 0.033 0.015 0.022 ...
BGPS 3243 US 0.042 0.041 0.046 ...
BGPS 3247 US 0.042 0.033 0.036 ...
BGPS 3276 US 0.042 0.050 0.046 ...
BGPS 3300 TN 0.050 0.025 0.023 ...
BGPS 3302 TN 0.036 0.042 0.052 ...
BGPS 3306 TN 0.042 0.040 0.055 ...
BGPS 3312 YS 0.033 0.021 0.024 ...
BGPS 3315 US 0.056 0.048 0.055 ...
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Table A2. continued.
Name Telescope
δTmb(H2CO) δTmb(SiO(1-0)) δTmb(SiO(2-1)) δTmb(SiO(3-2))
[K] [K] [K] [K]
BGPS 3344 TN 0.069 0.017 0.018 0.064
BGPS 3442 YS 0.028 0.010 0.017 ...
BGPS 3444 YS 0.031 0.017 0.044 ...
BGPS 3475 US 0.042 0.048 0.046 ...
BGPS 3484 TN 0.058 0.052 0.061 ...
BGPS 3487 YS 0.028 0.017 0.039 ...
BGPS 3534 YS 0.036 0.017 0.042 ...
BGPS 3604 YS 0.044 0.013 0.022 ...
BGPS 3606 US 0.042 0.044 0.032 ...
BGPS 3608 US 0.042 0.037 0.036 ...
BGPS 3627 US 0.039 0.030 0.032 ...
BGPS 3656 US 0.050 0.024 0.032 ...
BGPS 3686 US 0.047 0.013 0.018 ...
BGPS 3705 TN 0.036 0.029 0.039 ...
BGPS 3710 TN 0.036 0.015 0.014 ...
BGPS 3716 TN 0.036 0.031 0.039 ...
BGPS 3736 TN 0.033 0.023 0.043 ...
BGPS 3822 TN 0.050 0.015 0.018 ...
BGPS 3833 YS 0.044 0.023 0.037 ...
BGPS 3892 YS 0.028 0.019 0.032 ...
BGPS 3922 YS 0.036 0.013 0.027 ...
BGPS 3924 YS 0.033 0.019 0.039 ...
BGPS 3982 YS 0.036 0.008 0.015 ...
BGPS 4029 YS 0.131 0.008 0.017 ...
BGPS 4082 YS 0.123 0.010 0.012 ...
BGPS 4095 YS 0.105 0.010 0.017 ...
BGPS 4119 TN 0.028 0.027 0.023 ...
BGPS 4135 TN 0.025 0.017 0.016 ...
BGPS 4140 US 0.067 0.024 0.025 ...
BGPS 4145 US 0.058 0.015 0.018 ...
BGPS 4191 US 0.058 0.039 0.030 ...
BGPS 4230 TN 0.025 0.021 0.023 ...
BGPS 4294 TN 0.025 0.013 0.014 ...
BGPS 4297 YS 0.051 0.013 0.015 0.036
BGPS 4346 TN 0.025 0.027 0.025 ...
BGPS 4347 TN 0.022 0.021 0.018 ...
BGPS 4354 YS 0.126 0.023 0.032 ...
BGPS 4356 YS 0.095 0.010 0.020 ...
BGPS 4375 US 0.058 0.015 0.016 0.050
BGPS 4396 US 0.047 0.017 0.018 ...
BGPS 4402 US+YS 0.031 0.015 0.021 ...
BGPS 4422 YS 0.031 0.021 0.039 ...
BGPS 4472 US 0.017 0.017 0.027 0.028
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Table A3. continued.
Name Telescope
δTmb(H2CO) δTmb(SiO(1-0)) δTmb(SiO(2-1)) δTmb(SiO(3-2))
[K] [K] [K] [K]
BGPS 4732 TN 0.042 0.029 0.027 0.017
BGPS 4827 TN 0.031 0.023 0.023 0.014
BGPS 4841 TN 0.036 0.023 0.027 0.014
BGPS 4902 TN 0.036 0.025 0.021 0.014
BGPS 4953 TN 0.036 0.029 0.023 0.017
BGPS 4962 US 0.067 0.037 0.030 0.028
BGPS 4967 YS 0.087 0.019 0.024 ...
BGPS 5021 YS 0.036 0.013 0.015 ...
BGPS 5064 TN 0.036 0.019 0.014 0.017
BGPS 5089 YS 0.023 0.027 0.024 0.033
BGPS 5090 YS 0.056 0.025 0.020 0.023
BGPS 5114 YS 0.077 0.010 0.017 0.021
BGPS 5166 YS 0.046 0.021 0.022 0.018
BGPS 5183 YS 0.051 0.017 0.024 0.023
BGPS 5243 YS 0.051 0.013 0.017 0.021
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Figure A1. The noise distribution of the observations of the H2CO
and SiO lines toward the SCCs in the sample. The vertical dash-
dot lines present the median noise levels for the total sample,
and the vertical dotted ones show the median values only for the
detected sources.
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Figure A2. The SiO spectra for individual sources. The solid lines present the SiO 1-0 line profiles, and the dashed ones are the SiO 2-1
line profiles. The horizonal solid and dashed lines represent the rms noise levels of the SiO 1-0 and 2-1 lines at the velocity resolutions
of these spectra, respectively. The horizonal dotted lines are baselines.
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Figure A3. continued.
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Figure A4. continued.
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